The aim of this study was to analyze the inuence of various luting materials and surface treatments on adhesive strength for zirconia ceramics and luting cements. The zirconia framework specimens were made into cylinders. Prior to cement, zirconia framework specimens underwent various surface treatments (sandblasting with 110 µm Al2O3 particles, milling with 240-grift silicon sand paper and silanization). Resin luting cement and glass ionomer luting cement were then applied on the surface of zirconia specimens. The specimens were then subjected to a shear force. The fractured surfaces were visually analyzed by scanning electron microscopy. The shear bond strength values of resin luting cement bonded to zirconia specimens were signicantly higher than glass ionomer luting cement bonded to zirconia specimens (P < 0.05). The shear bond strength values of zirconia specimens sandblasted with 110 µm Al2O3 particles were signicantly higher than those milled with silicon carbide papers and underwent silanization (P < 0.05). The shear bond strength values of zirconia specimens milled with silicon carbide papers and underwent silanization were not signicantly dierent (P < 0.05). The highest shear bond strength values were achieved when the zirconia specimens were sandblasted and bonded to resin luting cement. Airborne-particle abrasion was an eective method which could enhance the bond strength of zirconia ceramics and cements. The resin luting cement exhibited a higher bond to zirconia than glass ionomer luting cement.
Introduction
Metal ceramic restorations have been increasingly replaced by all ceramic restorations in recent years for their superior aesthetics, inertness, and biocompatibility [1] . Yttrium oxide partially stabilized tetragonal nano zirconia polycrystal (Y-TZP) frameworks can be manufactured through CAD/CAM process with desirable properties such as chemical and dimensional stability, high mechanical strength, and fracture-toughness. In clinical practice, zirconia ceramic can be cemented by either resin-based or non-resin-based luting cements because of the minor requirement of high retention. Nonetheless, a short-term clinical study showed that the luting cement was accounted for the loss of retention of zirconia ceramic restorations [2] . The composition of functional polymers or monomers of luting cements had an inuence on the surface energies, which might change the interfacial chemical interactions and bonding potentials of zirconia restorations [3] .
The popular approaches of surface treatment of zirconia include surface abrasion, application of a tribochemical silica coating, as well as silane treatment. The approaches of surface treatment for zirconia ceramics were discussed, the inuence of which was not certain [4, 5] .
The aim of this study was to analyze the inuence of various luting materials and surface treatments on the adhesive strength for zirconia ceramics and luting cements. * corresponding author; e-mail: shaolongquan@foxmail.com
Material and methods
Thirty-six Y-TZP framework specimens were fabricated and divided into six groups containing 6 specimens each (Table I) . Y-TZP (Cercon Base, Densply, Hanau, Germany) blanks were milled in Cercon brain unit (Densply, Hanau, Germany) then sintered in Cercon heat furnace (Densply, Hanau, Germany). The zirconia framework specimens of each group were made into cylinders (5.0 mm in diameter and 3.0 mm in height) using a metal mold. Prior to cement, zirconia framework specimens underwent dierent surface treatments (sandblasting with 110 µm Al 2 O 3 particles, milling with 240-grift silicon sand paper and silanization). Resin luting cement (Panavia F, Kuraray Medical, Osaka, Japan) and glass ionomer luting cement (Fuji 9, Fuji CEM, Tokyo, Japan) were then applied on the surface of zirconia framework specimens. The resin luting material was applied on zirconia surface with a seating pressure of 1 kg maintained over the specimens during the rst 5 min of cement autocure. The resin cement cylinder was light polymerized for 20 s.
Each specimen was mounted in a metal holder on the universal testing machine (AG-IC, Shimadzu, Kyoto, Japan). Load was applied at a crosshead speed of 1 mm/min until failure. The ultimate load to failure was recorded by the system's software (Trapezium X, Shimadzu, Kyoto, Japan).
The fractured surfaces were visually analyzed with a SEM (SSX-550, SHIMADZU, Kyoto, Japan).
The data was statistically analyzed (α = 0.05) by the SPSS 13.0 Program (SPSS Inc. Chicago, USA).
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Results
The SEM view of the fractured interface of zirconia specimens milled with sand papers showed a rough surface with scratches ( Fig. 1) . Figure 2 demonstrated the fractured interface of the sandblasted zirconia specimens was the roughest. Figure 3 demonstrated a relatively smoother surface for zirconia specimens underwent silanization. 2 × 3 factorial experiment design of six groups of zirconia specimens and the mean shear bond strength (SBS) values were shown in Table I . 2 × 3 factorial design ANOVA of zirconia specimens underwent various surface treatments and luting cements was shown in Table II . The SBS values of resin luting cement bonded to zirconia frameworks were signicantly higher than glass ionomer luting cement bonded to zirconia frameworks (P < 0.05). The SBS values of zirconia specimens un- There was crossover eect between the two independent variables (P < 0.05). The highest SBS values were achieved when zirconia frameworks were sandblasted and bonded to resin luting cement.
Discussion
Although zirconia framework materials were proved to exhibit optimum mechanical strength, their successful rates also depended on the establishment of a reliable bond with the luting agent [6] . Shear bond strength testing can be used as general baseline and a clinically more relevant bonding area. Surface abrasion or roughening might establish adhesion through micro mechanical retention. HF etching was reported to be inadequate for enhancement of bond strength between zirconia ceramics and cements because of the resistant to acid etching of zirconia [7] . The inuence of HF etching on bond strength was consequently not included in this study.
The SEM view of the fractured interface of zirconia specimens milled with sand papers showed a rough surface with scratches (Fig. 1) . Milling with sand papers might not be sucient to promote adhesion. Meanwhile, the scratches and subcritical microcracks generated from milling has the possibility to create phase transformation within the zirconia surface, consequently causing unfavorable changes of superior mechanical properties of zirconia ceramics [8] . Figure 2 demonstrated the fractured interface of the sandblasted zirconia specimens was the roughest. Tables IIII showing airborne-particle abrasion was an eective treatment which could enhance the bond strength of zirconia and cements. Al 2 O 3 airborne-particle abrasion has been widely used on zirconia. It was reported to increase the surface energy, surface area for bonding, and wettability [9] . Moreover, it has been demonstrated that, besides increasing surface roughness of zirconia ceramics, air abrasion also leads to the transformation from monoclinic to tetragonal phase which was usually accompanied by an increased exural strength [10] . Figure 3 demonstrated a relatively smoother surface for zirconia specimens underwent silanization. Tables IIII showing the SBS values of zirconia specimens milled with silicon carbide papers and underwent silanization were not signicantly dierent (P < 0.05), indicating the smooth surface might not be sucient to promote adhesion. For promotion of micromechanical retention, sandblasting was recommended instead of acid etching, and silane coupling agents because the silane coupling agent was inadequate to improve the bond strength between zirconia and resin cements for the lack of silica of zirconia [7] . Tables III showed that the SBS values of resin luting cement bonded to zirconia specimens were signicantly higher than glass ionomer luting cement (P < 0.05). It might be attributed to the lower mechanical properties of glass ionomers. It was reported that compressive and exural strengths of resin-modied glass ionomer are considerably lower than those of resin cement [11] . Son et al. [12] reported a lower shear bond strength of the resin-modied glass ionomer bonded to zirconia than resin luting cement. Glass ionomer showed irregular cracks after shear and fatigue test. While, resin luting cements featured high elastic moduli and low elastic limits. Table III showed that there was crossover eect between the two independent variables (P < 0.05). The highest SBS values were consequently achieved when zirconia underwent sandblasting and applied with resin luting cement.
Conclusions
Airborne-particle abrasion was an eective method for enhancement for bond strength of zirconia and cements. The resin luting cements exhibited a higher bond to zirconia than glass ionomer cement. Higher bond strength was achieved when zirconia frameworks underwent sandblasted and bonded to resin luting cement. For promotion of micromechanical retention for zirconia ceramics, the applications of sandblasting and resin luting cement was recommended.
